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I. Introduction
Discriminant Function Analysis (DA) undertakes the same task as multiple linear regression by predicting an outcome. However, multiple linear regression is limited to cases where the dependent variable on the Y axis is an interval variable so that the combination of predictors will, through the regression equation, produce estimated mean population numerical Y values for given values of weighted combinations of X values.Discriminant analysis is a technique used to build a predictive model of group membership based on observed characteristics of each case (Agresti, 1996) . Mclachlan (2004) summarized the major underlying assumptions of DA as follows:
 the observations are a random sample;  each predictor variable is normally distributed;  each of the allocations for the dependent categories in the initial classification are correctly classified;  there must be at least two groups or categories, with each case belonging to only one group so that the groups are mutually exclusive and collectively exhaustive (all cases can be placed in a group);  each group or category must be well defined, clearly differentiated from any other group(s) and natural.
 the groups or categories should be defined before collecting the data;  the attribute(s) used to separate the groups should discriminante quite clearly between the groups so that group or category overlap is clearly non-existent or minimal.
The degree of overlap between the discriminant score distributions can then be used as a measure of the success of the technique (Huberty and Olejnik, 2006) .
Types of Discriminant Analysis
There are basically three types of DA: direct, hierarchical and stepwise. In direct DA, all the variables enter at once; in hierarchical DA, the order of variable entry is determine by the researcher; and instepwise DA, statistical criteria alone determine the order of entry (Afifi et al., 2011) .
Stepwise discriminant analysis was used on particle size and heavy mineral data from 276 sediment samples, including 39 from published sources, to distinguish between Palaeocene and Plio-Pleistocene deposits, found above the Cretaceous Chalk in southeast England, and to determine parent materials of the soils and superficialdeposits of the central NorthDowns. Of 71 known cases (in situ deposits), 85.9% were correctly classified using textural data (sig. 99.9%), and 89.7% of 29 known cases (sig. 99.9%), using heavy mineral data. The best textural discriminanting variables were %sand, graphic mean, %clay and graphic skewness, and the best heavy mineral discriminants were %kyanite plus staurolite, %andalusite and %garnet. Carroll et al. (2006) discussed the outcomes of a research study undertaken through the use of undisturbed soil columns, to assess the ability different soil types to treat and dispose of primary treated effluent. Discriminant Analysis (DA) was utilised for classification of the various soil types based on their respective physical and chemical characteristics and to identify relative changes in each soil type after an extended period of application of effluent.Ferrosol and Dermosol soils were found to provide the most satisfactory conditions for effluent renovation.Kurosol,Sodosl, and Chromosolsoils even though were found to provide suitable means for removing effluent pollutants, reductions in the soils, permeability over time indicated that these soils may not be appropriate for long term effluent treatment.Finally,Podosol soils were found to have minimal ability to provide adequate treatment of effluent.
This study aims to classify soils representating various physiographic units numerically using instepwise DA and to identify the contribution of physical and chemical and mineral properties which were used in this analysis to increase the accuracy in distinguishing taxonomic levels (subgroup) according to soil taxonomy (Soil Survey Staff, 2010).
II. Materials And Methods
Sixteen sites were elected in different regions of Iraq according to previous studies in soil survey and classification which was performed by soil investigation department / Ministry of Irrigation, as follows: soil pedons 1, 2,3,4/Mosul; 5, 6,7 /Diyala; 8, 9,10 /Baghdad; 11, 12, 13 /Babil; 14, 15/Wasit; 16/Najaf as shown in fig. 1 . Table 1 shows sites and classification of soil pedons according to USDA system. Mclachlan (2004) stated that when the application of discriminant analysis is used to predict the categories to which it belong soil individuals, it should be subject to the following conditions:
1. Continuous variables are independent (strength of a linear relationship between variables equal to zero). 2. The variables used in the discriminant analysis are follow multi-normal distribution. Forty soil characteristics physical,chemical and mineral characteristics were chosen in the discriminant analysis. So the smaller the  the more doubt cast upon that null hypothesis. Determination how much of the variance in the grouping variable is explained by predictor variables by subtracting the  from one.
Statistical Methods Used

F Test
Härdle and Simar (2012) explained that it is possible to specify F-to-Enter and F-to-Remove limits. Enter #1 and Remove #1 are used during forward stepping to control the entry or removal of variables. Enter and Remove #2 are used for backward stepping. Entering variables must have Fs greater than the Enter limit. (For removal, Fs less than the Remove limit.) Remove must be less than Enter. Default: Enter = 3.84; Remove =2.71. discriminante function the discriminant coefficient or weight for that variable respondent's score for that variable a constant the number of predictor variables This function is similar to a regression equation or function. The v's are unstandardized discriminant coefficients analogous to the b's in the regression equation. These v's maximize the distance between the means of the criterion (dependent) variable. Standardized discriminant coefficients can also be used like beta weight in regression. Good predictors tend to have large weights. this function maximize the distance between the categories, i.e. come up with an equation that has strong discriminantory power between groups. After using an existing set of data to calculate the discriminant function and classify cases, any new cases can then be classified. The number of discriminant functions is one less the number of groups. There is only one function for the basic two group discriminant analysis.
Discriminant Analysis Linear Equation
III. Results And Discussion
Soil individuals were classified according to soil taxonomy (Soil Survey Staff, 2010) and placed in the two taxonomic levels of orders Aridisols and Entisols and to five taxonomic levels of subgroup as follows: Typic Calciargids, Typic Haplogypsids, Typic Torrifluvents, Typic Gypsiargids, and Typic Calcigypsids (Table 1) .
Discriminanting Variables
The adoption of discriminant analysis to predict taxonomic levels (subgroup), makes it possible to identify the variables that make asignificant contribution to predict those taxonomic levels which belong to each soil individual using F test. Table 2 shows whether there is a statistically significant differences between the means of the independent variables in the five taxonomic levels for the dependent variable. It is clear that the independent variables that contributed to maximize accuracy in the five distinguishing taxonomic levels to which it belongs soil individualsare as follows: content of sand of A and C horizons; content of silt of C horizon; content of clay of A horizon; bulk density of A and C horizons; cation exchange capacity CEC of A and C horizons; content of organic matter of A horizon; content of calcium carbonate CaCO3 of A and C horizons; content of Opaque minerals of A and C horizons; content of Amphiboles minerals of A and C horizons; content of Garnet minerals of A and C horizons; content of Staurolite mineral of C horizon; content of Zircon mineral of A and C horizons; content of Quartz mineral of C horizon; content of Mica minerals of A horizon; and content of Chert mineral of C horizon. The value of statistics Wilks ' Lambda is reflecting the low values of variation around the means of categories, so it is likely that the low value of Λ statistically significant (Huberty and Olejnik, 2006) . Table 3 shows a summary of the steps through the system from entering the independent variables to the analysis and exclusion, as well as the value of Λ Wilks ' Lambda and p-value associated with each case, the table also shows values of F test function, the critical values of this function areranged from (2.71 -3.84) in order to input or delete variables to the analysis. Table 4 Table 4 indicates the high values of correlation coefficients of these variables. 
Numerical Classes First Class C 1
This class has soil individuals of 1, 3, 4, as shown in Table 5 , there was a similarity in some physical properties used in discriminant analysis such as silt content of A horizon with 415.60 g kg The results indicated that there was a harmony in the discriminant analysis results with USDA system, the soil individuals were classified at subgroup level asTypic Calciargids.
Second Class C 2
This class has a soil individual 2 (Table 5) . When comparing physical properties, it was noted that the value of the content of sand for A horizon was 591.50 g kg -1 , while the value of clay content of this horizon was 158.10 g kg -1 of 2 soil individual. The value of cation exchange capacity CEC of A horizon was 10.30 Cmolc kg -1 , while the value of the organic matter content for this horizon was 8.14 g kg -1 of 2 soil individual. When comparing the content of heavy and light minerals, , it was noted that the value of the content of Opaque minerals of A horizon was 51.85% for this soil individual, while the value of the content of Garnet minerals for this horizon was 15.33% of 2 soil individual. The value of the content of Quartz mineral of C horizon was 33.33%, while the content of Chert mineral of A horizon was 15.71%.
The results of the discriminant analysis confirmed that the soil individual 2 was classified at subgroup level as Typic Haplogypsids according to USDA system.
Third Class C 3
This class has soil individuals of 5, 6, 7, 8, 9, 10, 11, 12, 13, 15 (Table 5) , when comparing physical properties used in the discriminant analysis, it was noted that the value of silt content of C horizon ranged between (392.60 g kg -1 -569.90 g kg When comparing the content of heavy and light minerals, it was noted that the value of content of Opaque minerals of A horizon ranged between (13.87% -52.75%) of the soil individuals in this class, while the value of content of Amphiboles minerals of C horizon ranged between (12.16%-51.53%). The value of content of Quartz mineral of A horizon ranged between (21.62%-41.58%), while the value of content of Mica minerals of C horizon ranged between (7.59%-23.19%) of soil individuals of this class. The comparison of the discriminant analysis with USDA system indicated that the soil individuals of this class were Compatible at subgroup level as Typic Torrifluvents.
Fourth Class C 4
This class has a soil individual 14 (Table 5) .When comparing physical, chemical, and mineral properties used in the discriminant analysis, it was noted that the value of the content of sand for A horizon was 487.80 g kg -1 , while the value of clay content of C horizon was 196.30 g kg -1 for this soil individual. The value of cation exchange capacity CEC of A horizon was 7.41Cmolc kg -1 ,while the value of the content of calcium carbonate CaCO 3 for C horizon was 514.55 g kg -1 of 14 soil individual. When comparing the content of heavy and light minerals, it was noted that the value of the content of Opaque minerals of A horizon was 63.97% for this soil individual,while the value of the content of Garnet minerals for C horizon was 9.94% of 14 soil individual. The value of the content of Quartz mineral of C horizon was 30.34%,while the value of the content of Chert mineral of A horizon was 17.11% of 14 soil individual. The results of the discriminant analysis confirmed that the soil individual 14 was classified at subgroup level as Typic Gypsiargids according to USDA system.
Fifth Class C 5
This class has a soil individual 16 (Table 5) .When comparing physical, chemical, and mineral properties used in the discriminant analysis,it was noted that the value of the content of sand for C horizon was 954.00 g kg -1 ,while the value of clay content of A horizon was 148.00 g kg -1 for this soil individual. The value of cation exchange capacity CEC of A horizon was 7.04 Cmolc kg -1 ,while the value of the content of calcium carbonate CaCO 3 for this horizon was 493.60 g kg -1 of 16 soil individual. When comparing the content of heavy and light minerals, it was noted that the value of the content of Opaque minerals of A horizon was 45.59% for this soil individual, while the value of the content of Zircon mineral for C horizon was16.96% of 16 soil individual.The value of the content of Quartz mineral of C horizon was 31.94%, while the value of the content of Mica minerals of A horizon was 11.84% of 16 soil individual. The results of the discriminant analysis confirmed that the soil individual 16 was classified at subgroup level as Typic Calcigypsids according to USDA system.
IV. Conclusions
The results of the study indicate a harmony of numerical classes of discriminant analysis with the USDA classification system at subgroup level.This fact confirms that the physical, chemical, and mineral properties used as variables in this analysis contributed statistically significant to predict taxonomic levels.
